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(54) [Title of the Invention] 

CONSTANT PRESSURE CHAMBER, IRRADIATION APPARATUS USING THE 
SAME, CIRCUIT PATTERN MANUFACTURING APPARATUS AND CIRCUIT 
PATTERN TEST APPARATUS 



(57) [Abstract] 

[Problem] To improve the yields of a sample having a pattern 
formed thereon. 
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[Means of Resolution] A sample room 3 is surrounded by a 
constant pressure chamber 2, a constant vacuum pressure is 
achieved within the sample room 3 by a vacuum pump 50, pressure 
control means 80 adjusts the pressure within the constant 
pressure chamber 2 such that the vacuum pressure of the sample 
room 3 is held constant. 

[Claims] 
[Claim 1] 

A constant pressure chamber comprising a constant 
pressure chamber surrounding a sample room, a vacuum pump 
achieving a constant vacuum pressure within the sample room, 
and pressure control means provided for the constant pressure 
chamber for adjusting a pressure within the constant pressure 
chamber such that the vacuum pressure within the sample room 
is held constant. 
[Claim 2] 

A constant pressure chamber comprising a constant 
pressure chamber surrounding a sample room, a vacuum pump 
achieving a constant vacuum pressure within the sample room, 
and a vacuum pump for the constant pressure chamber provided 
for the constant pressure chamber to reduce a pressure within 
the constant pressure chamber to a pressure equal to or lower 
than an atmospheric pressure such that the vacuum pressure 
within the sample room is held constant. 
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[Claim 3] 

An irradiation apparatus using a constant pressure 
chamber comprising a sample room having irradiation means 
irradiating a sample with energy such as an electron, light, 
and laser in a pattern, the constant pressure chamber 
surrounding the sample room, a vacuum pump achieving a constant 
vacuum pressure within the sample room, and pressure control 
means provided for the constant pressure chamber for adjusting 
a pressure within the constant pressure chamber such that the 
vacuum pressure within the sample room is held constant. 
[Claim 4] 

A constant pressure chamber and an irradiation apparatus 
using the constant pressure chamber, comprising a sample room 
supporting a stage moving a sample, an interferometer used for 
length measurement of a sample position with a laser optical 
component, and a column having a projection optical system 
processing the sample, and holding the interior at a constant 
vacuum pressure with a vacuum pump, the constant pressure 
chamber surrounding the sample room and a portion of the column, 
and pressure control means provided for the constant pressure 
chamber for adjusting a pressure within the constant pressure 
chamber such that the vacuum pressure within the sample room 
is held constant. 
[Claim 5] 

A constant pressure chamber comprising a sample room 
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supporting a stage moving a sample, an interferometer used for 
length measurement of a sample position with a laser optical 
component, and a column having a projection optical system 
processing the sample, and holding the interior at a constant 
vacuum pressure with a vacuum pump, the constant pressure 
chamber surrounding the sample room and a portion of the column, 
and a vacuum pump for the constant pressure chamber provided 
for the constant pressure chamber to reduce a pressure within 
the constant pressure chamber to a pressure equal to or lower 
than an atmospheric pressure such that the vacuum pressure 
within the sample room is held constant. 
[Claim 6] 

The constant pressure chamber and the irradiation 
apparatus using the constant pressure chamber according to any 
one of claims 1 to 5, wherein an elastic coupling mechanism 
is used for coupling between the sample room and the constant 
pressure chamber. 
[Claim 7] 

The constant pressure chamber and the irradiation 
apparatus using the constant pressure chamber according to any 
one of claims 1 to 5, further comprising a surface plate 
carrying the sample room thereon and surrounded by the constant 
pressure chamber, and a mount supporting the surface plate and 
extending into the air beyond the constant pressure chamber, 
wherein an elastic coupling mechanism is used for connection 
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between an end portion of the mount and the constant pressure 
chamber, and the interior of the coupling mechanism is held 
hermetically. 
[Claim 8] 

The constant pressure chamber and an irradiation 
apparatus using the constant pressure chamber according to any 
one of claims 1 to 5, wherein a mount supporting a surface plate 
carrying the sample plate thereon is surrounded by the constant 
pressure chamber. 
[Claim 9] 

The constant pressure chamber and an irradiation 
apparatus using the constant pressure chamber according to 
claim 7, further comprising a mechanical elastic body producing 
a pressure canceling a deformation amount of the sample room 
between the surface plate and the mount. 
[Claim 10] 

The constant pressure chamber and an irradiation 
apparatus using the constant pressure chamber according to 
claim 7, further comprising a linear motor having a fixed 
portion and a movable portion between the surface plate and 
the mount. 
[Claim 11] 

The constant pressure chamber and an irradiation 
apparatus using the constant pressure chamber according to any 
one of claims 1 to 5, wherein an optical component and a column 
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are supported in the sample room and are placed outside the 
constant pressure chamber, an elastic coupling mechanism is 
used for connection between the column, the optical component, 
and the constant pressure chamber, and the interior of the 
coupling mechanism is held hermetically. 
[Claim 12] 

The constant pressure chamber and an irradiation 
apparatus using the constant pressure chamber according to any 
one of claims 1 to 5, wherein a column supported by the sample 
room, or a projection optical system, or a reflection optical 
system is surrounded by the constant pressure chamber. 
[Claim 13] 

The constant pressure chamber and an irradiation 
apparatus using the constant pressure chamber according to 
claim 7, wherein an exhaust path of the column, or a projection 
optical system, or a reflection optical system is coupled 
through an elastic coupling mechanism. 
[Claim 14] 

The constant pressure chamber and an irradiation 
apparatus using the constant pressure chamber according to any 
one of claims 1 to 5, wherein a laser optical component placed 
in an atmosphere of air is supported with a support member by 
the sample room, the support member is surrounded, an elastic 
coupling mechanism is provided between the sample room and the 
constant pressure chamber, the interior of the constant 
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pressure chamber is maintained hermetically. 
[Claim 15] 

The constant pressure chamber and an irradiation 
apparatus using the constant pressure chamber according to any 
one of claims 1 to 5, wherein an elastic coupling mechanism 
is used for coupling between the constant pressure chamber and 
the sample room, and a sample carrying path and a sample room 
exhaust path for communication between the constant pressure 
chamber and the sample room are provided within the coupling 
mechanism. 
[Claim 16] 

The constant pressure chamber and an irradiation 
apparatus using the constant pressure chamber according to any 
one of claims 1 to 5, wherein an elastic coupling mechanism 
is used for coupling between the sample room and a preliminary 
room, and a hole for the communication serves as a sample 
carrying path and a sample room exhaust path. 
[Claim 17] 

The constant pressure chamber and an irradiation 
apparatus using the constant pressure chamber according to any 
one of claims 1 to 5, wherein a vacuum pump evacuating a column 
having an apparatus irradiating the sample with an electron 
beam is supported by the constant pressure chamber, and a 
low-rigidity coupling mechanism is provided between the column 
and the vacuum pump. 
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[Claim 18] 

An apparatus of manufacturing a circuit pattern, 
irradiating a sample in the sample room with a charged particle 
ray, an X ray, a reduced X ray (EUV) or the like to form the 
circuit pattern on the sample, the sample room having the 
internal vacuum pressure held constant by the pressure within 
the constant pressure chamber, or the sample room having the 
internal vacuum pressure held constant by the pressure reduced 
to the atmospheric pressure or lower within the constant 
pressure chamber according to any one of claims 1 to 5 . 
[Claim 19] 

An apparatus of testing a circuit pattern, irradiating 
a sample in the sample room with a charged particle ray, an 
X ray, a reduced X ray (EUV) or the like to test performance 
of the circuit pattern, the sample room having the internal 
vacuum pressure held constant by the pressure within the 
constant pressure chamber, or the sample room having the 
internal vacuum pressure held constant by the pressure reduced 
to the atmospheric pressure or lower within the constant 
pressure chamber according to any one of claims 1 to 5 . 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to a vacuum room, an 
irradiation apparatus, a circuit pattern manufacturing 
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apparatus, or a circuit pattern test apparatus. 

[0002] 

[Prior Art] 

In an apparatus for manufacturing and a testing a circuit 
pattern of a magnetic head or a semiconductor apparatus, or 
a circuit pattern of a mask or a reticle for forming a circuit 
pattern in a semiconductor apparatus, the manufacturing or the 
test of the circuit pattern have been performed by irradiating 
the samples with charged particle rays or reduced X rays (EUV) . 
In this case, it is essential to use the charged particle rays, 
and electron beams in particular, in a vacuum. 
[0003] 

As the circuit patterns have smaller and smaller sizes, 
the use of X rays having a shorter wavelength than that of an 
excimer laser, reduced X rays, has been considered as a light 
source of a reduced projection exposure apparatus called a 
stepper or a scanner. It is also essential for the reduced 
X rays to be used in a vacuum or an atmosphere of low degree 
of vacuum. 
[0004] 

Description will hereinafter be made of an electron beam 
drawing apparatus which draws a circuit pattern on a sample 
with electron beams, by way of example. 
[0005] 

The electron beam drawing apparatus is an apparatus which 



10 



generates electron beams in an ultrahigh vacuum environment 
and performs scanning to form an LSI pattern on a semiconductor 
substrate or on a glass substrate called a reticle for use in 
an exposure apparatus such as a stepper. 
[0006] 

Fig. 4 shows the configuration of a conventional electron 
beam drawing apparatus. 
[0007] 

In Fig. 4, electron beams emitted in a column 1 are 
irradiated to a sample 10 placed on a stage 4 in a sample room 
3 . The position of the sample is managed by length measurement 
of a mirror 20 on the stage 4 with laser. Since the laser is 
susceptible to fluctuations in air and changes in atmospheric 
pressure in the air, an interferometer 21 is placed in a vacuum. 
[0008] 

The position of the sample is desirably measured with 
the column 1 used as a reference, so that the sample is attached 
to a lower face of a lid 3A of the sample room 3 which can be 
relatively easily synchronized with the column 1. The sample 
room 3 is mounted on a surface plate 8, and the surface plate 
8 is supported by a mount 5 having the function of vibration 
isolation . 
[0009] 

A body rack 7 which supports the mount 5 is placed on 
a base 6 set on a floor 9. The column 1 is evacuated by a vacuum 
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pump 50 for the column such that the internal atmosphere thereof 
is held under high vacuum (for example, 10~ 4 Pa or lower) . The 
sample room 3 is evacuated by a vacuum pump 40 for the sample 
room such that the internal atmosphere thereof is held under 
high vacuum (for example, on the order of 10~ 4 Pa) . 
[0010] 

Next, a carrying path of the sample 10 will be described. 

[0011] 

The sample 10 is carried into a preliminary exhaust room 
30 adjacent to the sample room 3 from the outside which is an 
atmosphere of air by a carrying apparatus 31 in the preliminary 
exhaust room 30 , and a vacuum pump, not shown, is used to perform 
preliminary exhaust from an air state to a vacuum state. A 
valve 32 is opened at the time when the degree of vacuum 
substantially egual to that of the sample room 3 is achieved, 
and the sample 10 is carried onto the stage 4 . After the drawing, 
the reverse path is taken such that the atmosphere is returned 
from the vacuum to the air in the preliminary exhaust room 30 
and the sample 10 is carried to the outside. 
[0012] 

Through the series of operations described above, the 
sample can be carried with the sample room 3 maintained in the 
vacuum state to attain improvement in throughput. When the 
carrying apparatus and the valve are operated during drawing, 
vibrations occur which may lead to deteriorated drawing 
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accuracy. To address this, the vibrations are isolated by 
interposing a bellows 30A for the preliminary exhaust room 
which is a low-rigid (elastic) coupling member between the 
sample room 3 and the preliminary exhaust room 30, thereby 
permitting the carrying operation during the drawing. Since 
vibrations of the vacuum pump 40 for sample room exhaust also 
adversely affect the drawing accuracy, a bellows 40A for sample 
room exhaust is interposed between the pump 40 and the sample 
room 3. 
[0013] 

On the other hand, the vacuum pump 50 for column exhaust 
is connected to the column 1 via a bellows 50A for column exhaust 
and is held by a rack 51 supported on the surface plate 8. 
[0014] 

In the electron beam drawing apparatus, the path of 
electron beams is need to be held under high vacuum in order 
to prevent energy loss of the electron beams as described above . 
In the prior art apparatus configuration, however, the 
following problems are represented. 
(1) Increase in length measurement error 

Samples in recent years, wafers in particular, have been 
increased in diameter for the purpose of improving the 
productivity, so that the number of acquired chips per sheet 
is increased. This requires a larger stroke of a stage for 
moving the sample, and inevitably, the sample room is increased 
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in size. This increases the area of the sample room subjected 
to a vacuum negative pressure, and the following error factors 
are increased in the prior art apparatus configuration. 
[0015] 

The vacuum negative pressure deforms the sample room 3, 
which accordingly changes the positions of the interferometer 
21 and an optical component 23 attached to the sample room 3 
to cause length measurement errors. Fig. 5 shows changes in 
a laser optical system due to the deformation of the sample 
room 3. Fig. 6 shows deformation (fall) of the column 1 due 
to the vacuum negative pressure when the column 1 is evacuated. 
The following errors are caused. 

i) Length measurement errors due to displacement AX of 
interferometer 

When the interferometer 21 is displaced AX, errors are 
added by AX to information of the sample position with the 
column used as the reference. 

ii) Length measurement errors due to deformation AY of column 

When the column 21 is displaced AY, errors are added by 
AY to information of the sample position with the column used 
as the reference. 

iii) Abbe errors due to displacement AZ of interferometer 

When a stage pitching occurs 0p while the interferometer 
21 is displaced AZ, the following length measurement error 
occurs : 
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[0016] 

AZsinBp 

v) Cosine errors due to rotation AG of interferometer 

When the interferometer 21 is rotated A9, the following 
length measurement error occurs. 
[0017] 

L(l-cosA0) L: measurement length 

Increasing the rigidity of the sample room is a method 

to reduce the abovementioned errors. However, this method 

cannot avoid an increased load to the mount in association with 

the mass increase of the sample room. 

[0018] 

On the other hand, a conceivable calibration method is 
to measure the errors in advance and provide a correction value 
for control. Since the atmospheric pressure changes with time, 
the fixed correction value cannot achieve the calibration 
completely and real-time correction is required. This 
significantly complicates the system of the apparatus. 
[0019] 

The errors in i) and ii) described above can be reduced 
by using a structure in which reference light of the 
interferometer 21 is irradiated to a reference mirror 25 
attached to the column 1 as shown in Fig. 7. However, this 
results in intricate optical axis adjustments to increase the 
working time. 
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(2) Influence on mount characteristics 

When the preliminary exhaust room 30, the vacuum pump 
40 for sample room exhaust, and the sample room 3 are connected 
with the low-rigid coupling mechanism such as the bellows, the 
influence of the vacuum negative pressure apparently applies 
a pressure in proportion to the area of the bellows to the sample 
room 3 as shown by arrows in Fig. 8. Thus, the vacuum negative 
pressure due to the bellows 30A for the preliminary exhaust 
room and the vacuum negative pressure due to the bellows 40A 
for the sample room exhaust act on the mount 5. 

[0020] 

These loads can be regarded apparently as a compressive 
force acting between the sample room 3, the preliminary exhaust 
room 30, and the bellows 40A for the sample room exhaust. Since 
the relative position between the carrying apparatus 31 and 
the stage 4 needs to be held in order to ensure the carrying 
accuracy of the sample, the mount 5 which supports the sample 
room 3 should produce a canceling force. 
[0021] 

[Problems that the Invention is to Solve] 

When the mount is designed in view of the compressive 
force, however, it is difficult to know the influence of the 
compressive force on control characteristics. Solutions of 
this problem include JP-UM-B-1-28669 and JP-A-2 0 0 1 -2 1 057 6 . 
They have disclosed a method in which a cancel mechanism such 
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as an air spring is attached near a bellows connecting a 
preliminary exhaust room to a sample room to cancel a 
compressive force acting on the preliminary exhaust room and 
the sample room. 
[0022] 

In this method, the force produced by the cancel 
mechanism is directly applied to the sample room to distort 
the sample room. This results in a relative displacement of 
an interferometer attached in the sample room and a column to 
cause length measurement errors of a measuring instrument. 
The length measurement errors can be calibrated at a constant 
atmospheric pressure. However, when the atmospheric pressure 
varies as described above, real-time correction is needed to 
complicate the system of the apparatus, and the circuit pattern 
drawn on the sample is inaccurate to reduce the yields of the 
sample . 
[0023] 

The abovementioned problems are not limited to the 
electron beam drawing apparatus and are also found in a test 
apparatus using charged particle rays with electron beams in 
a vacuum, or an exposure apparatus using X rays and reduced 
X rays, or a test apparatus using X rays and reduced X rays. 
[0024] 

It is an object of the present invention to provide a 
constant pressure chamber or the like in which the measurement 
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errors of a measuring instrument are corrected to improve the 
yields of a sample having a pattern formed thereon. 
[0025] 

[Means for Solving the Problems] 

As a solution of the abovementioned problems, the present 
invention is characterized in that a sample room having a 
constant vacuum pressure therein is surrounded by a constant 
pressure chamber, and pressure control means is provided for 
the constant pressure chamber to adjust the pressure within 
the constant pressure chamber such that the vacuum pressure 
of the sample room is held constant or at a pressure reduced 
to the atmospheric pressure or lower. 
[0026] 

Specifically, the sample room including a stage moving 
a sample, having an interferometer used for length measurement 
of a sample position attached thereto, and supporting a column, 
or a projection optical system, or a reflection optical system, 
and holding the interior at a constant vacuum pressure is 
surrounded by the constant pressure chamber, and the pressure 
control means is provided for adjusting the pressure within 
the constant pressure chamber such that the vacuum pressure 
within the sample room is held constant. 
[0027] 

Alternatively, the sample room including a stage moving 
a sample, having an interferometer used for length measurement 
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of a sample position attached thereto, and supporting a column, 
or a projection optical system, or a reflection optical system, 
and holding the vacuum pressure of the interior constant by 
the vacuum pump, and the pressure control means is provided 
for the constant pressure chamber for adjusting the interior 
of the constant pressure chamber such that the vacuum pressure 
within the sample room is held constant. 
[0028] 

[Mode for Carrying Out the Invention] 

In the following, description will be made of an electron 
beam drawing apparatus shown in Fig. 1 as Embodiment 1 in order 
to facilitate the understanding of embodiments of the present 
invention in the first place. 
[0029] 

In Fig. 1, a constant pressure chamber 2 is placed on 
a base 6, in which a surface plate 8 having a sample room 3 
placed thereon is supported by a mount 5 . A stage 4 for placing 
a sample 10 is mounted in the sample room 3 and a column 1 is 
supported above the sample room 3. An interferometer 21 is 
attached to the sample room 3, and a laser optical component 
23 is attached to the sample room 3. The pressure within the 
constant pressure chamber 2 is controlled to be a constant 
pressure by pressure control means 80 based on information of 
a pressure sensor 60 attached on an inner wall. 
[0030] 
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The pressure control means 80 is formed of a fluid 
actuator such as an air exhaust pump, an air introducing leak 
valve, and an air compressor, and a control portion which 
acquires information of the pressure sensor 60 to provide a 
feedback signal to the actuator. 
[0031] 

A carrying apparatus 31, a valve 32, and a valve 33 for 
air are included in a preliminary exhaust room 30 attached to 
the constant pressure chamber 2, and the preliminary exhaust 
room 30 is connected to the sample room 3 via a bellows 30A 
for the preliminary exhaust room. 
[0032] 

A vacuum pump 4 0 for sample room exhaust attached to the 
constant pressure chamber 2 is connected to the sample room 
3 via a bellows 40A for sample room exhaust. The column 1 
supported by the sample room 3 is contained in the constant 
pressure chamber 2, and the column 1 and a vacuum pump 50 for 
column exhaust are coupled to each other by a bellows 50A for 
column exhaust. 
[0033] 

Next, the characteristics of the present configuration 
are described. 
[0034] 

The present configuration is characterized in that the 
atmosphere within the sample room 3, the atmosphere within the 
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constant pressure chamber 2, and the atmosphere of the air are 
isolated. This can provide the following effects for the two 
problematic points (the length measurement errors and the 
influence on mount characteristics) in the conventional 
configuration . 
[0035] 

Reduction in length measurement errors 

In the present configuration, the vacuum negative 
pressure applied to the sample room 3 is determined by the 
pressure difference between the pressure within the constant 
pressure chamber 2 and the pressure within the sample room 3 
and the surface area of the sample room 3. Thus, when the 
pressure within the constant pressure chamber 2 is controlled 
to be substantially the same as the air (approximately 10000 
Pa) , the sample room suffers from deformation equal to that 
in the conventional configuration. 
[0036] 

However, the pressure control means 80 controls the 
pressure within the constant pressure chamber so as to reduce 
the deformation of the sample room 3, and the calibration of 
the sample position allowing for length measurement errors is 
performed in a control portion of the apparatus, not shown. 
With the calibration, the pressures within the constant 
pressure chamber 2 and the sample room are held constant 
regardless of variations in atmospheric pressure after the 
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calibration. Thus, the column 1, the interferometer 21, the 
laser optical component 23 and the like are not deformed easily 
to enable drawing on the sample 10 with high accuracy. 
[0037] 

When the pressure within the constant pressure chamber 
2 is held under low vacuum (for example, approximately 10 Pa) 
which is 1/1000 of the atmospheric pressure (approximately 
10000 Pa), the vacuum negative pressure applied to the sample 
room 3 and the column 1 can be reduced to 1/1000 as compared 
with the conventional configuration. As a result, even when 
calibration of the sample position allowing for length 
measurement errors is not performed in the control portion of 
the apparatus, the length measurement errors due to the 
deformation of the sample room 3 and the column 1 can be reduced 
substantially. 
[0038] 

The reason why the length measurement errors can be 
reduced substantially will be described with reference to Fig. 
2 which is a characteristic diagram showing the relationship 
between an atmospheric pressure P (Pa) on a vertical axis and 
a time T on a horizontal axis. Fig. 2(A) is a characteristic 
diagram A of atmospheric pressure Pi 0 (1000 Pa), Fig. 2(B) is 
a vacuum pressure characteristic diagram B within the sample 
room 3, and Fig. 2 (C) is a pressure characteristic diagram 
within the constant pressure chamber 2. 
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[0039] 

The driving of the vacuum pump 50 is started at time T. 
As the time elapses since a start time T 0 when the sample room 
3 is evacuated, the vacuum characteristic B shows a constant 
vacuum pressure value P x (10~ 4 Pa) . The vacuum pressure value 
Pi is called a calibration value Ti or a reference value. Since 
the vacuum pressure at the calibration value Ti is generally 
constant, the sample room 3, if deformed, is maintained in a 
constant deformation state. The pressure control means 80 
adjusts the pressure within the constant pressure chamber such 
that the vacuum pressure of the sample room 3 is held constant, 
thereby maintaining the constant deformation state of the 
sample room 3. In addition, calibration is performed at the 
calibration value Ti as the reference value of the measuring 
instrument such as the column 1, the interferometer 21, the 
laser optical component 23 and the like. 
[0040] 

As a result, the pressure within the constant pressure 
chamber is adjusted such that the vacuum pressure of the sample 
room 3 is held constant to maintain the constant deformation 
state of the sample room 3, so that the deformation of the sample 
room 3 can be reduced by the provision of the constant pressure 
chamber, and the rigidity of the sample room 3 can be reduced, 
or the sample room 3 can be thinned, reduced in weight or in 
cost. Since the deformation of the sample room 3 is held with 
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the small vacuum pressure value, the deformation amount is 
further reduced, the length measurement errors are reduced, 
and the pattern can be drawn accurately on the sample 10. This 
significantly improves the yields of the sample on which the 
pattern is formed. 
[0041] 

In addition, the pattern can be formed on the sample 10 
by using the calibration value Ti as the reference value of 
the measuring instrument such as the column 1, the 
interferometer 21, and the laser optical component 23. The 
length measurement errors of the pattern can be reduced and 
the pattern can be drawn accurately on the sample 10 to improve 
significantly the yields of the sample 10 on which the pattern 
is formed. 
[0042] 

Once the calibration value Ti is determined, this is used 
as the reference value. This can eliminate the need to change 
the calibration value each time as in the prior art to omit 
the change operation in the measuring instrument and the like, 
which facilitates the measurement operation. 
2) Reduced load on mount 

The vacuum negative pressures of the preliminary exhaust 
room 30 and the vacuum pump 40 for the sample room exhaust 
communicating with the sample room 3 through the bellows 30A 
and 40A, respectively, are determined by the pressure 
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difference between the pressure within the sample room 3 and 
the pressure within the constant pressure chamber 2, and the 
area of each of the bellows. When the pressure within the 
constant pressure chamber 2 is approximately the atmospheric 
pressure, the vacuum negative pressure acting on the mount 5 
is substantially the same as that in the conventional 
configuration . 
[0043] 

When the pressure within the constant pressure chamber 
2 is reduced to the atmospheric pressure or lower, however, 
the vacuum negative pressure acting on the mount 5 is reduced 
in proportion. For example, when the pressure within the 
constant pressure chamber is held under a lower vacuum (for 
example, approximately 10 Pa) than the pressure of the sample 
room 3, the vacuum negative pressure is 1/1000 as compared with 
the conventional configuration, which hardly affects the 
control characteristics of the mount 5. 
[0044] 

For the mount used in such a low vacuum, a mechanical 
elastic body such as a spring having no risk of a leak of fluid 
or the like is more suitable for mounting as a pressure 
receiving medium rather than a mount in which a fluid such as 
air is used for the pressure receiving medium and a control 
medium. For the control medium, a mechanical actuator is more 
easily mounted, and especially, a linear motor is excellent 
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in controllability due to no contact of a movable portion and 

a fixed portion. 

[0045] 

The following effects are provided other than the 
improvement effects in 2) described above. 
[0046] 

In the conventional configuration of Fig. 5, the vacuum 
pump for column exhaust 50 is attached to the rack 51 supported 
by the surface plate 8 so as not to transfer the vibrations 
of the vacuum pump 50 directly to the sample room 3. In this 
case, the rack for holding the pump is increased in size to 
cause many demerits such as a higher cost and a larger space 
for mounting. 
[0047] 

Conventionally, when direct support of the vacuum pump 
in the sample room is desired, it is necessary to employ a vacuum 
pump with relatively small vibrations such as an ion pump. 
However, the ion pump has the disadvantage of a low exhaust 
speed which requires a long time to boost the column to a high 
vacuum. 
[0048] 

In the configuration of the present invention, since the 
sample room 3 and the constant pressure chamber 2 are connected 
to each other through the bellows 30A for the preliminary 
exhaust room and the bellows 40A and 50A for the vacuum pump, 
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they are almost isolated in terms of vibrations. Thus, not 
only the ion pump but also a turbo molecular pump involving 
relatively large vibrations and the like can be supported 
directly from the constant pressure chamber 2, so that it is 
possible to achieve a reduction in cost for fabricating the 
rack, isolation of vibrations, and a reduction in boost time 
through the use of the turbo molecular pump at the same time. 
[0049] 

Specifically, to hold the constant vacuum pressure value 
Pi within the sample room 3 as shown in Fig. 2 (B) , the pressure 
control means 80 reduces the pressure within the constant 
pressure chamber 2 to a pressure P 2 (Pa) equal to or lower than 
the atmospheric pressure Pio such that the vacuum pressure value 
Pi of the sample room 3 is held constant as shown in Fig. 2 (D) . 
[0050] 

The pressure P 2 shows the pressure characteristic C with 
smaller variations than the atmospheric pressure Pi 0 . For the 
pump used in the pressure control means 80, only a pressure 
reducing pump can be used without requiring a pressurizing pump, 
so that the configuration of the pressure control means 80 can 
be simplified. Since the stress applied to the bellows 30A 
and 4 OA communicating between the sample room 3 and the constant 
pressure chamber 2 is reduced as compared with the use of the 
atmospheric pressure Pi 0 , the bellows 30A and 40A can have 
longer lives accordingly. The value of the pressure P 2 is one 
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tenth or smaller than the value in the atmospheric pressure 
Pio. If the pressure is one tenth or lower, the pressure 
characteristic varies slightly and only the pressure reducing 
pump can be used. 
[0051] 

Since the electron beam drawing apparatus is used as the 
example in Embodiment 1, the column is referred to. However, 
in an apparatus such as a stepper and a scanner, the similar 
effects can be provided by replacing the column with an 
apparatus which irradiates energy such as electrons and light 
including a projection optical system and a reflection optical 
system. This applies to Embodiment 2 and Embodiment 3 
described below. 
[0052] 

Next, Embodiment 2 shown in Fig. 3 will be described. 

[0053] 

While the pressure within the constant pressure chamber 
2 is assumed to be the atmosphere from the atmospheric pressure 
to the low vacuum in Embodiment 1, Embodiment 2 employs a 
configuration in which an atmosphere of a low vacuum or lower 
is assumed. 
[0054] 

An apparatus using a constant pressure chamber 2 will 
be described in the following. 
[0055] 
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A mount 5 which supports a surface plate 8 is placed on 
a base 6. A sample room 3 is placed on the surface plate 8. 
A support stage 22 is attached to the sample room 3, and a laser 
optical component 23 is placed on the support stage 22. A 
constant pressure chamber 2 is supported on the base 6, and 
is connected to a column 1, the mount 5, and the support stage 
22 via a bellows Al for the column, a bellows 5A for the mount, 
and a bellow 22A for the support stage, respectively. The 
constant pressure chamber 2 is evacuated by a vacuum pump 60 
for the constant pressure chamber such that the interior 
thereof can be maintained in an atmosphere from a low vacuum 
to a high vacuum. 
[0056] 

The characteristics of the present configuration are 
described. 
[0057] 

In the present configuration, the volume within the 
constant pressure chamber 2 is reduced in order to hold the 
pressure within the constant pressure chamber 2 efficiently 
in an atmosphere of a relatively high degree of vacuum. While 
the column 1, the mount 5, and the laser optical component 23 
are placed within the constant pressure chamber 2 in Embodiment 
1, they are placed in the air in the present embodiment, and 
each of them is connected to the constant pressure chamber 2 
through the bellows, thereby allowing a pressure reduction in 
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the interior with relative ease. 
[0058] 

It is essential only that the pressure within the 
constant pressure chamber 2 should be maintained in a low vacuum 
or lower (for example 1 Pa or lower) as the effects of the present 
configuration. Thus, the vacuum pump 60 for the constant 
pressure chamber is attached instead of the pressure control 
means 80 as described in Embodiment 1. 
[0059] 

When the atmosphere within the constant pressure chamber 
2 can be reduced to a certain pressure or lower, feedback 
control of the vacuum pump is not needed. This can 
substantially reduce the length measurement errors and the 
influence on mount characteristics. 
[0060] 

However, since the column 1, the mount 5, and the laser 
optical component 23 are placed in the air, the vacuum negative 
pressure is applied to the sample room 3 by the areas of the 
bellows 1A for the column, the bellows 5A for the mount, and 
the bellows 22A for the support stage connected to the constant 
pressure chamber 2. To reduce the deformation of the sample 
room, it is necessary to minimize the area of each of the bellows 
Since the vacuum negative pressure to the column 1 by the vacuum 
pump 50 for the column exhaust is the same as that in the 
conventional configuration, the rigidity of the attachment 
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portion of the column and the sample room needs to be enhanced 
in order to suppress the deformation (fall) of the column. 
[0061] 

On the other hand, since the mount 5 is placed in the 
air, no limitations are imposed on a pressure receiving medium 
and an actuator, and a fluid such as air can be used. 
[0062] 

In Embodiment 3, when a single or a few samples are used 
in a sample room for experiments or the like, the sample room 
may be surrounded by a constant pressure chamber, the sample 
may be supplied or discharged by a bellows provided between 
the sample room and the constant pressure chamber or the sample 
may be placed in the sample room in advance. 
[0063] 

In this manner, in the embodiments of the present 
invention, the column is the irradiation apparatus which 
irradiates energy such as electron beams, light, and laser to 
the sample. Examples of the irradiation apparatus include the 
abovementioned electron beam drawing apparatus, a laser 
processing apparatus, and an exposure apparatus. This 
apparatus allows highly accurate exposure or test. When a 
single or a few samples are used in the sample room for 
experiments or the like, the preliminary exhaust room is not 
necessarily needed. 
[0064] 
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[Advantage of the Invention] 

As described above, according to the present invention, 
the pressure within the constant pressure chamber is adjusted 
such that the vacuum pressure of the sample room is held 
constant, so that the sample room can be maintained in a certain 
deformation state. The reduced deformation of the sample room 
3 enables accurate drawing of the pattern on the sample to 
improve significantly the yields of the sample having the 
pattern formed thereon. In addition, since the calibration 
value is used as the reference value, the calibration operation 
with a measuring instrument or the like can be facilitated. 
[Brief Description of the Drawings] 

[Fig. 1] A side view of an electron beam drawing apparatus 
which employs a constant pressure chamber according to 
Embodiment 1 of the present invention. 

[Fig. 2] A pressure characteristic diagram showing the 
relationship between a pressure and time in the electron beam 
drawing apparatus in Fig. 1. 

[Fig. 3] A side view of an electron beam drawing apparatus 
which employs a constant pressure chamber according to 
Embodiment 2 of the present invention. 

[Fig. 4] A side view showing an electron beam drawing 
apparatus in the prior art. 

[Fig. 5] An explanatory diagram showing the problem in the 
electron beam drawing apparatus in Fig. 4. 



32 



[Fig. 6] An explanatory diagram showing the problem in the 
electron beam drawing apparatus in Fig. 4. 

[Fig. 7] An explanatory diagram showing the problem in the 
electron beam drawing apparatus in Fig. 4. 

[Fig. 8] A side view of an electron beam drawing apparatus 
which employs a sample room in the prior art. 
[Description of Reference Numerals and Signs] 

1 ... column, 1A . . . bellows for column exhaust, 2 ... 
constant pressure chamber, 3 . . . sample room, 3A . . . lid, 4 . . . 
stage, 5 . . . mount, 5A . . . bellows for mount, 6 . . . base, 7 . . . 
body rack, 8 ... surface plate, 9 ... floor, 10 ... sample, 
20 ... mirror, 21 ... interferometer, 22 ... support stage, 
22A . . . bellows for support stage, 23 ... laser optical 
component, 24 . . . transmitting glass, 25 . . . reference mirror, 
30 ... preliminary exhaust room, 30A . . . bellows for 
preliminary exhaust room, 31 ... carrying apparatus, 32 ... 
valve, 33 . . . valve for air, 34 . . . rack for preliminary exhaust 
room, 40 ... vacuum pump for sample room exhaust, 40A ... 
bellows for sample room exhaust, 41 . . . piping, 50 . . . vacuum 
pump for column exhaust, 50A . . . bellows for column exhaust, 
51 ... rack, 60 ... pressure sensor, 70 ... rack for vacuum 
pump, 80 ... pressure control means. 
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«SJtS^y75 0©IMliWgM^3 fcfcfcft^ 

[o o 4 7] mmzmmxy-fzmLtc 

v^§£li, ^ytfy7©£ a fttt^MI^ft^H 

mmmmm^<, assess tfjLttfsBfia 20 

[0 0 4 8] *%WO«l^tfttim^3 fc£J±7^y^ 
2(i, 5«^ffl^D-X3 0A, atfKS^y^ffl 
^n-X40A, 5 0 A£«fc!)g8KSnT^3&, » 

B^cstsmi^nr^So cfcoT, 7ty#y7wie> 
f\ t y 7^g t j£EE^+ 

2 *p suggests c fc^RTtiT'fe d s lessf^ 
xhcffiiu yX^tefflfciJ: 

[0 0 4 9] m>, 12 (B) t^TJ:9tM^3^ 30 

@8 0K«fct3, 0 2 (D) JOirfcfc^cSI^y^ 
ftCUT^IM 3 ©JlSE^fi P i S 
£^C^U±Pio OTO£E^P 2 (Pa) imj±t%o 
[0 0 5 0] J±^lP 2 «^J±Pio \Z)k< 

x, j±m-\icmmm<, zmm^moicm 
t s ^yfxims.^yf^m ttz>ct%<, mm 

nmmm\tx^ 0 %mm3 tm.^y^2 1 
m%mm%^u~X3o a, 4 0kictob%fcM 40 
^mj± p 10 zmLtd^Kiti?, /J^^ < fto km 

W\ ^n-X3 0 A, 4 0 A©^©ftLt^^ 
§0 J±^Pz©fg«^J±Pio fcfeltsffi® l 0#1K 

[0 0 5 1] ^ HMU 1 T'tiW^ffiH^H^JtL 
i^T^S^I©«^#5»tl§o fg2©H 50 
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[0 0 5 2] H3^T^2©HM^CO^T^ 
[0 0 5 3] SH©HM^1i£J±^-^y^2^©J±^ 

hftoTV^o 

[0 0 5 4] £H^y^2«SLf;MtO 
[0 0 5 5] ^-X6±Ui, ^8^W5^7y 

h 5 fmuztu 8 ±t 3 tmm^m 0 

ay-^¥^p n p2 3*M^tl§o ^-X6± 

5s &tf^tc?2 2 i:M*7Affl^n^Xl A, v7 
yh^^a-X5A, 5Sr&ffl^n-X2 2 A^/TLT 
Slf^nSo SB^y^^H^yAfflJl^y 

[0 0 5 6] *1igSc©#«CO^Tl^t§o 
[0 0 5 7] aMg^tftt, £EEf-W^2rt©JEE^%Jt 

k v7yh5s suv-^^n 3 ^ s^ji^-vy 

\mwL, &%^u-x\z^m.^y^2mm- 
§ c tx\ m(Dj±tizmm%Kmj±t% c tm 

[0 0 5 8] *«©an«s /tJ±^^y/^2^®J±^ 
^SfS^J l TiHlE bfccfc^ ftffi^Hf 8 0 D fc 

£E^^y^fflg^y76 o^M^tTi^o 

[0 0 5 9] CtltiD, -£©£E*«TK^£Ef-+ y 
/N2rt©f?H^«)±tti*tUi\ gS^y7^7^-K 

/^y^»t2»^s^<, ism sov^yht 

[0060] {ml, v7yh 5, msv-f 
%'mux2 3\t-K t m\zh^ mj±9^y^2tmm 

Sft5#7Afl3"Sn-Xl A, v7yhffl^n-X5 
A, S^#^ffl^n-X2 2A©ffiH5j v f£^ gSt 
J±^MS^3tijp^S 0 ioT, M^C^^X 
fSKtt, ^n-X©ffiH^as*Sf£^/J^<TS^ 

vmim (fan) ^w^s^ta, 

[0 0 6 1] ^7yh5tov^Tiis 

[0062] %3<D$mmK~D^?it. mmxmm 
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i mxit'mmmm"em?%%Gwt, mm* 

[0 0 6 3] COJ:?^ 
[0 0 6 4] 

[f»«] «±©£?^ *f»£nii:\ £I±^ 

* y/^©j±^^M^©^i±^^-AEtiif#$n «fc 

? till LT, M^©-£©«£fi££tf#-f S c ^ 

So ctit£D, M^3©«^>£^f5j\ 
/ - y ^M^cHitffi < c j^t? f « «fc a o , 

[0ffi©l§3i&M 

[0 1 ] *3m<D%W\ 1 {c^fcSSff^+Xrtfc^E 
[0 2] 01 ©S?£§ffiH^B^t3J£^^©iI 
m 3 ] *^©HMiJ 2 KffifcS j£EE*+ y^^ffl * 
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[H 4 ] «f^a?«iigg^^t-fiiJffiHo 

[0 5 ] a 4 ©a^ssffiHSHtfeij 5 p^^^tii 

[H e ] m 4 ©a?isffiiisgtfcnj-s m&mtm 
mm 0 

[H 8 ] LfcS?*gMgB®{ll 

3--IS^ 3A---S, 4---Xr-v\ 5-V 
<7>k 5 A-x"^yhffl^n-X\ 6---^-X, 7- 
8 ■■■£«!, 9-^ 10-M^, 20-57 
-s 2 1 -T^S+s 2 2 2 A-£ft&flH 

D-X\ 2 3-k%» 2 4-S$#^ 2 
5-'J77^X^7- 3 0-5«^ 3 0A- 
^{f$$M^D-X\ 3 1-«gB, 3 
7\ 3 3-*^W7\ 3 4-5«^fflm 4 0 

-x\ 41 -Ets 5o-ijymmM^y^ 5 

0 A-*7A^ffl^D-X\ 5 6 0 •••i±X7 

-fey^ s 7 0-^^y7°fflm 8 0-J±7W$P# 
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